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Pyrochlore-type compounds show chemical and physical properties such as ferroelectricity, ion-exchange, ionic conductivity, and photocatalytic properties. These compounds can be categorized into several structural groups: those without A cations; (i) AB 2 O 6 , with cation A in 8b sites; (ii) classic A 2 B 2 O 7 , (iii) defect A 2 B 2 O 6 , and (iv) hydrated A 2 B 2 O 6 ·nH 2 O, where the A atom is generally an alkali metal, alkaline earth metal or a rare earth metal, and the B atom is a transition metal. 1) This cubic crystal structure belongs to the space group Fd-3m with z = 8, two distinct oxygen atoms are found at different sites. The oxygen atoms in the 48f sites, are bonded tetrahedrally to two A and to two B ions, and the oxygen atoms in the 8a sites are bonded tetrahedrally to four A ions.
Wu et al. reported the photocatalytic hydrogen evolution ability of K 2 Nb 2 O 6 with a pyrochlore-type structure prepared by hydrothermal reaction.
2) It is known that some niobates and tantalates such as NaTaO 3 3) and AgMO 3 (M: Ta and Nb) 4), 5) with perovskite-type structures exhibit photocatalytic activity. Pyrochlore-type K 2 Nb 2 O 6 was the first example of photocatalytic activity in pyrochlore-type niobates. We have prepared a variety of pyrochlore-type compounds by hydrothermal reaction: alkaline niobate 1) and tantalate 6) alkaline earth bismuthates 7) and sodium bismuth titanate. 8) We investigated the photocatalytic activities of pyrochlore-type potassium niobate and tantalate and these compounds reacted with Ag + ions. In this paper we will describe the ion-exchange reaction of pyrochlore-type (A.H)MO 3 · nH 2 3 (Kanto chemical) and the mixtures were heated at 300°C for 6 h. The product was filtered and washed several times with distilled water and dried. The products were identified from their X-ray powder diffraction (XRD) patterns. The crystal structure was refined by the Rietveld method using SPring-8 (beamline; BL02B2) synchrotron X-ray powder diffraction data. RIETAN-FP 9) was used for crystal structure refinement and the structures were drawn by using VESTA.
10) The chemical compositions of the samples were determined by energy dispersive X-ray spectroscopy (EDX). Ultravioletvisible diffuse reflection spectra (UVVis, JASCO V-550) were recorded and converted from reflectance to absorbance by the KubelkaMunk method. The thermal stabilities of the samples were evaluated by TGDTA. The morphologies of the samples were observed by scanning electron microscopy (SEM). The photocatalytic activities were analyzed by the decomposition of a 20 ppm phenol solution under UV light irradiation and the time-dependent phenol concentration was examined by liquid chromatography (JASCO LC-2000).
The XRD patterns of (K 0.73 H 0.27 )NbO 3 ·1.72H 2 O and (K 0.56 H 0.44 )TaO 3 ·1.14H 2 O each showed a single phase of a pyrochlore-type compound with the space group Fd-3m. The crystal structure refinements were successful and the R-factors were reasonable (R wp = 5.27%, R p = 2.44% for niobate and R wp = 4.74%, R p = 3.71% for tantalate); the lattice parameters were determined to be a = 10.6409(2) ¡ for niobate and a = 10.571(2) ¡ for tantalate. The chemical compositions of (K 0.73 H 0.27 )NbO 3 ·1.72H 2 O and (K 0.56 H 0.44 )TaO 3 ·1.14H 2 O were determined by EDX and the weight loss the of TG curve. Both parent compounds have the octahedral shape, as shown in the SEM photographs [ Fig. 1(a) and 1(c) ] and the size of the octahedral particles of niobate are larger than that of tantalate.
The reaction of (K 0.73 H 0.27 )NbO 3 ·1.72H 2 O with excess AgNO 3 yielded a fluorite-type compound in which the Ag/Nb molar ratio was 0.69:1.0 and the amount of K + ions were less than 0.02. The crystal structure refinement of this fluorite-type compound with the assumption of the space group Fm-3m (#225) led to a reasonable R-factor values, R wp = 5.18% and R p = 3.34%, the lattice parameter was 5.286(3) ¡. Figure 2(a) shows the Rietveld refinement profile of fluorite-type Ag 0.41 Nb 0.59 O 1.68 . The crystal data and structural parameters are listed in Table 1 . The crystal structure of this compound is shown in Fig. 3(a) . In this structure, the O atom is statistically distributed at the 8g position and those positions are intermediate space. Uniform fine particles (15¯m) of this compound are observed in Fig. 1(b) and the morphology of the parent compound has drastically changed. The morphology and structural change from pyrochlore to fluorite-type suggest that this is not an ion-exchange reaction. The pyrochlore-type structure forms a link between the defect fluorite-type structure 11) and this means that the pyrochlore-type structure is easily changed to the fluorite-type one. In this case the potassium content in the niobate was higher than that of tantalate and this higher potassium content may induce the structural change to pyrochlore-type in the reaction using molten salt. The fluorite-type compound has changed to the perovskite-type structure at 550°C, indicating the exothermic peak in the DTA curve.
In the case of tantalate, a single phase of a pyrochlore-type compound was yielded and the chemical composition was found to be Ag 0.93 TaO 2.97 ·0.94H 2 O from EDX and the weight loss of the TG curve. The Ag/Ta molar ratio was found to be 0.93:1 and the amount of K + was less than 0.03. The Rietveld refinement of this compound led to reasonable R-factor values, R wp = 4.53% and R p = 3.37%, and the lattice parameter was 10.4509(3) ¡. Figure 2(b) shows the Rietveld refinement profile of pyrochloretype Ag 0.93 TaO 2.97 ·0.94H 2 O. The crystal data and structural parameters are listed in Table 2 . The crystal structure of this compound is shown in Fig. 3(b) . The octahedral shape of the parent compound is maintained during the ion-exchange reaction, as shown in Fig. 1(d) . The absence of a morphology change suggests that this reaction is an ion-exchange reaction. This pyrochlore-type compound changed to the perovskite-type structure at 600°C like the niobate. Journal of the Ceramic Society of Japan 125 [10] 776-778 2017
Figure 4(a) shows the optical absorption of the parent compounds and reacted compounds. The band-gap was estimated by plotting (h¹¡) 0.5 vs energy (h¹) on a Tauc plot, on the assumption of indirect transitions. The band-gap energies of these compounds are shown in Fig. 4(b) 
